Environmental Health: Science, Policy and Social Justice

Fall quarter 2008

CAL 4 workshop

Week 8

Hypothesis testing – Inference for single population 

Chapter 8 of Kuzma-Bohn stats text (custom textbook)

(Due Friday, December 5th)
Introduction

Nitrate (NO3–) and nitrite (NO2–) are naturally occurring inorganic ions, which are part of the nitrogen cycle. Microbial action in soil or water decomposes wastes containing organic nitrogen first into ammonia, which is then oxidized to nitrite and nitrate. Contamination with nitrogen-containing fertilizers (including anhydrous ammonia as well as animal or human natural organic waste) can raise the concentration of nitrate in water. Because nitrite is easily oxidized to nitrate, nitrate is the compound predominantly found in groundwater and surface waters. The principal mechanism of nitrite toxicity is the oxidation of the ferrous iron (Fe2+) in deoxyhemoglobin to the ferric (Fe3+) valence state, producing methemoglobin. Methemoglobin cannot reversibly bind or transport circulating oxygen, therefore leading to hypoxia.  Acute acquired methemoglobinemia is the most important adverse health effect caused by excessive nitrate exposure. There is also concern that it may be a carcinogen in humans (it has been shown to be a carcinogen in animal studies: nomenclature and classification of NIH).
For more information look at the pdf file “nitrate info” in the Handouts folder, and check the EPA link http://www.epa.gov/safewater/dwh/c-ioc/nitrates.html and WA state link < http://www.doh.wa.gov/ehp/dw/Programs/nitrate.htm>.

Goal of this CAL Assignment

EPA’s maximum contaminant level (MCL) for nitrates is 10 ppm (parts per million) or 10 mg/l (milligrams per liter). Suppose that a study sponsored by the WA Department of Health has collected samples to measure the nitrate levels in drinking water in Olympia. A total of 32 samples were collected and they are saved as file “Nitrate samples” in the program’s Handouts folder. The goal of the study is to determine whether Olympia’s drinking water is safe regarding nitrate content. 
Part I  - The basics

1. State the null and alternative hypotheses to address whether or not drinking water in Olympia meets EPA standards. Does the alternative hypothesis indicate a one-tail or a two-tail test? 

2. Describe your sample. Calculate the parameters that describe your sample (e.g. mean, variance, standard deviation, minimum, maximum), using Excel commands as you have done in previous lab assignments.  

3. Check the assumption of normality.  Create a histogram as described in the last lab. Does the distribution of this sample appear normal?  
4. Setting the significance level, a. What is the z critical value (threshold) beyond which lie z values with a probability less than 5%  (a=0.05) (unlikely to observe them by chance alone)?  What is the z threshold for values we would observe with probability of less than 1% (a=0.01)?    You may use Excel to find the z-critical value for =0.05, and for =0.01, or you can look it up on the Table of z distribution (Appendix table given in class last Friday).  To do this in Excel, use the “Normsinv” from the Statistical functions menu. If you choose the z-Table instead, remember that the probabilities are the numbers in the middle part of the table and the z-values are on the left column (up to the first decimal place) and first row (second decimal place), so you will use the z-Table in the opposite manner than what we did last Friday. You need to find the probability in the middle part of the table and track the row and column back to the z-values. You also need to remember that both Excel and the z-Table associate a z with the probability equal to the area of the curve to the left of z (1-a). In both Excel’s function and in the z-Table, you must specify the area to the left of the z that you want to calculate [e.g., for z value at =0.05 the probability you look up is 0.95 (1-a)].

Part II. – Estimation of the mean nitrate levels in Oly’s drinking water
Your one sample is an attempt to estimate the true nitrate concentration in Olympia’s drinking water. A good sample is a good representation of the true condition we study, but it is also imperfect and we inevitably carry some error when estimating unknown population parameter values from samples (uncertainty about the true population value). Your sample provides a point estimate of the mean nitrate concentration as a sample mean ((x), along with a range estimate (confidence interval, CI) that includes and depends on the confidence level as an indicator of error. 

Remember that the confidence interval is the range of values between the “lower and upper bounds of confidence” (see also Sampling and Estimation assignment). Since you are estimating a range of likely values around the mean (the true population mean could be either above or below your estimated mean) you will need to place your mean in the middle of a probability curve, and split the 95% confidence range around the mean: half confidence above and half below the mean. As a result the error (5%) is also split equally at each tail of the probability curve. So, each bound includes half of the confidence and therefore half of the error (0.05/2): therefore, for this you will need to calculate the z for /2. 

Specifically, our confidence level includes a range of values around the sample mean ((x) that afford us some “acceptable error” (“elbow room” for our estimate) more precisely the “margin of error” (moe) around the mean. This is equal to za/2 *s/√n, thus a confidence interval can be described as a “mean(moe” type of range for our estimate. If you add this error to the sample mean ((x) you obtain an “upper confidence level” (UCL) and if you subtract it from the sample mean ((x) you obtain a “lower confidence level” (LCL), and your confidence interval can also be described as a “mean (LCL, UCL)” range.
5. Carry out a statistical estimate of the population mean (m) based on your one sample at the confidence level of 95%. Suppose we know that the population variance 2 = 6.5 (mg/l)2. To carry out an estimate of the population mean you will need your sample mean (already calculated in step 2) and then to calculate the 95% confidence interval of the mean, by entering the appropriate formulas using the above description as a guide. There is also an Excel command, “CONFIDENCE”, under Statistical functions that calculates the bound: try that too and compare with your LCL and UCL values of the estimate. 

6. Draw a graphic description of the estimation. 

7. Write one sentence that explains what your estimation means. (What do we attempt to estimate?)

8. Estimation can also be used to test a hypothesis. What can you say about the null and alternative hypotheses based on your estimation of the nitrate levels in Oly’s drinking water and the EPA’s MCL?

9. Optional: If we want to have 0.5mg/l accuracy in our estimate of the mean with 95% confidence, how many samples should we collect? (Review the effect of sample size, section 8.10 on page 107 (138) of your Kuzma stats text or the equivalent in other stats texts). How many samples do we need in order to have 0.25mg/l accuracy with 99% confidence?

Part III. – Testing the hypothesis
What values of nitrate levels would be different enough from the EPA’s MCL to make you conclude that they are not likely to be observed if the drinking water nitrate level is within the MCL? What is the cutoff point, or threshold, or rejection region you set beyond which you reject the null hypothesis? Given that simply by chance you could obtain a sample that gives you a mean far away from the true mean (chance event or randomness of the universe!), you will want to set a limit for possible values of sample means beyond which you agree that it is too unlikely to observe them by chance alone if your null hypothesis is true and therefore you must suspect that your sample indicates some real deviation from your hypothesis and you will need to take action, first off by rejecting your null hypothesis in favor of your alternative hypothesis. 

The limit you set for this decision depends on the significance level you want to use: the percent of time you are willing to be wrong when you reject your null hypothesis! The fact that some values are unlikely by chance alone, or improbable, does not mean they are impossible! So, decide first if your hypothesis will be meaningfully rejected if your sample is significantly higher than the MCL (null hypothesis assumption) or significantly lower, or both: decision based on the context of your problem. Then, recognize that the error will be on one tail (left, right) or on two tails of the distribution of the mean, m.

10. Calculate the rejection region for significance levels:=0.05 and =0.01. Should you reject or fail to reject the null hypothesis? Explain your decision.

Typically, we test the null hypothesis, by calculating a z-statistic and comparing it to the rejection region on the z-scale described by the critical z value: Similar to the rejection region above, a z critical value is the z that corresponds to the probability you chose to set as a limit for determining a chance event, a.k.a. significance level, e.g. 5% or 1%, i.e., critical z will be the z for probabilities a=0.05 and a=0.01, respectively. 

11. What is the critical z for the selected significance levels? 

Calculate your z-statistic: the z score for your sample mean ((x) relative to the hypothesized population mean (m) given by your null hypothesis. Let’s assume that the population variance is 2 = 6.5 (mg/l)2.

12. Is your z-statistic higher than the critical z? (give value)

13. What is the probability of observing a z equal to your z-statistic? Use Excel command (“NORMSDIST”), or the z-Table.  Is this probability higher or lower than each of the significance levels?

14. Should you reject or fail to reject the null hypothesis? Explain your decision. 

15. Briefly describe Type I and Type II errors in the context of this problem set. Which type of error would be more costly if you were to make a decision about intervention to clean up the contamination? Consider that this intervention is also very expensive.

To turn in:

Part I:

1. The null and alternative hypotheses.

2. A summary table of the descriptive statistics.

3. A histogram plot of your data. Is the assumption of normality satisfied?

4. The z-critical values for =0.05 and for =0.01.

Part II:

5. Your calculated estimate of the population mean, along with its 95% confidence interval.

6. The graphic depiction of the estimate

7. Answers to questions 7-9.

Part III:

8. Answers to questions 10-15, including the relevant parameter values.
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